within civilian, military and academic sectors. They have the ability to explore areas unavailable to manned assets and to perform duties that are risky to humans. In particular，UUVs have the ability to perform bearings-only tracking in shallow areas near shorelines. This article compares a Logarithmic Polar Coordinates EKF (LPC-EKF) and Logarithmic Polar UKF (LPC-UKF) for the estimation problem. Its objective is to track the kinematics (position, velocity and course) of a moving target using noise-corrupted bearing measurements.
I. INTRODUCTION
The Unscented Transform has been used in the KF framework and the resulting filter is referred to as the Unscented Kalman Filter (UKF) [1] . It uses the intuition that it is easier to approximate a probability distribution function than to approximate an arbitrary nonlinear function or transformation. Thus the state distributions are approximated by the Gaussian density, which is represented by a set of deterministically chosen sample points [2] . The idea of nonlinear filtering using the Gaussian representation of the posterior density via a set of deterministically chosen sample points has been proposed by several authors. The whole class of nonlinear filters (including UKF) is referred to as the linear regression Kalman filter, because they are all based on statistical linearization rather than analytical linearization (as the EKF). The statistical linearization is performed via the linear regression through the regression (sample) points [3] . These sample points (Sigma points) completely capture the true mean and covariance of the Gaussian density. When propagated through nonlinear systems, they capture the true mean and covariance accurately to the second order (Taylor series expansion) of any nonlinearity [4] .
Bearings-only tracking is inherently a nonlinear problem. The nonlinearity can either be in the state equations or in the measurement equations. If a traditional Cartesian Kalman filter is used, the state dynamics are linear while the measurement relationships are nonlinear. The traditional Cartesian state vector consists of the relative position and relative velocity of the target in both the x and the y direction.
Transforming the problem into Logarithmic polar coordinates causes the state equations to be nonlinear but the 1 measurement equations to be linear. The state vector then contains the bearing and the Logarithmic reciprocal of range of the target from the observer's perspective. The measurement vector has been simplified since it is solely concerned with the bearing. Another benefit of using Logarithmic polar coordinates is the state vector is partially decoupled. The only component that is not observable prior to an observer maneuver is the Logarithmic reciprocal of range. This allows the state estimates to behave as one would theoretically expect, even in the face of errors, unlike the coordinates.
In this article, the LPC-EKF and LPC-UKF will be compared in the UUV Bearings-Only Tracking systems. The observation platform needs to manoeuvre in order to estimate the target range. This need for own UUV manoeuvre and its impact on target state observability have been explored extensively. Three zigzag manoeuvre tracking scenarios will be used in this Simulation.
II. MODEL IN CARTESIAN AND LPC SYSTEM
The problem of BOT is the following: the own-ship (O) moves in the plane and periodically measures the bearing of a target (T) that we assume traveling with constant velocity [5] (see Fig. 1 ). Target state, consisting of position and velocity in the (x, y) plane, is estimated by processing the bearing and the knowledge of the own-ship location and velocity [6] . It is well known that the own-ship has to maneuver properly in order to render the problem observable [7] .
A. State vector in Cartesian Coordinates:
Historically, BOT is presented in the Cartesian system. Let us define target state at time k:
Let X T k (respectivelyX O k ) be the target (respectively own-ship) state vector in absolute Cartesian Coordinates at time k:
2) It is of common use to describe the state equation in the relative own-ship referential, though it is not compulsory with Cartesian Coordinates, and we define the state vector to be:
The state equation corresponding to the hypothesis of uniform motion for the target is then:
Where A describes the classical constant velocity model; the own-ship maneuvers between time k and time k+1 are taken into account by the deterministic command term U k 1, k :
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The stochastic system measurement equation is:
Where v k ~ 0, σ β and w k ~ 0, Q
B. State vector in LPC:
Nardone and Aidalahave demonstrated that no information on range exists as long as the observer is not maneuvering. So the idea consists of using a coordinates system for which unobservable component (range) is not coupled with the observable part. This is also the motivation of Aidala and
Hammel for defining the MPC system:
Thus, the target states at time t is defined by eq. (8), where r and β are the relative bearing and target range. Thomas 
We just have f X and f X respectively LPC-to-Cartesian and Cartesian -to-LPC state mapping functions [8] such that: 
Thus, the stochastic system is:
Where v k ~ 0, σ β and w k ~ 0, Q 
Time update:
Measurement updates equations:
IV. SIMULATION SCENARIOS

A. Simulation Scenario 1and Scenario2:
Figure 2 -simulation Scenario 1and Scenario 2
The first two scenarios composed of two legs for the UUV and one straight line for the target. The UUV starts at the origin and travels with a constant course 4m/s with initial heading 45°.
After 4 min, it turns to a 315° heading. The maneuver lasts 9 min, and the scenario 13 min. The target moves at a constant speed of 16m/s with heading 315°. The target starts at the coordinates (8000, 6000) in Scenarios 1and (4800, 6400) Scenarios 2.
B. Simulation Scenario 2:
The second class of scenarios is identical for the UUV but with a different heading and starting point for the target: the initial heading is set to 225° with an initial coordinates (11600, 8700). The scenarios last 13min. In the three Scenarios, the velocity of UUV is 4m/s and the true velocity of target is 16m/s.
V. SIMULATION RESULTS AND DISCUSSION
A. Filter Initialization In LPC :
The sampling rate is T = 1 s, and the measurements are simulated with the exact geometry corrupted by an additive white zero mean Gaussian noise withσ β 1°.
We use an a priori distance r 0|0 in all our simulations with two strategies: the first r 0|0 is exact value with σ 1km and the second have deviation from the exact value with σ 1km Then we use the first measurementβ 0 with its standard deviation σ β to initialize theβ.
In UKF, for the unscented transformation parameters, we use α 0.1 and β 2 k=0. The weights are then determined as in reference.
In order to obtain a reliable comparison of both algorithms, we use two ways to initial the state vector and its covariance matrix in LPC. The first way, we use the true value for the position, velocity and course initialization, the second initialization we use true value with a certain degree of deviation. From Fig. 4, 5 and 6 , we can see that the LPC-UKF performs better than the LPC-EKF, LPC-UKF are more stable than LPC-EKF and LPC-EKF are more vulnerable to the impact of target unobservability. As the target of a priori inaccurate, the trajectory estimation of the LPC-EKF Deviate from the true target trajectory. In the velocity and course estimation, before the UUV maneuver, the LPC-EKF performs equivalently, when the UUV start maneuver, the LPC-UKF is a slightly better performance than LPC-EKF. From the Fig. 4 and Fig. 5 , we can see that the LPC-UKF and LPC-EKF are all performs better in the short distance. From the Fig. 6 with the target approach to the UUV, the performance of the two filters estimation is getting better.
In the three following tables, the two filters are initialized with true value. From the three tables, we can see that the performances of the two filters are better than initialization with Non-true value. The LPC-UKF is slightly better performance than The LPC-EKF. 
VI. CONCLUSION
The paper compared the LPC-UKF and LPC-EKF in UUV BO-TMA. We hence can conclude that the LPC-UKF is better than LPC-EKF for UUV BOT-TMA solution. The LPC-EKF Are more susceptible to the initialization and the observability.
We have observed that the position estimation of the LPC-EKF sometimes diverge, probably due to a poor initialization as previously mentioned.
From the simulation results, we can see that the initialization is important for UUV BO-TMA problem. But in the really UUV BO-TMA problem, there is often no target true value to initialize the filter, so in the following studies, we will research in a relatively accurate method of initialization for UUV BO-TMA problem. 
